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ABSTRACT 
An ultrasonic investigation shows that the prebainitic 
kinetics of AISI 86B80 and 0.8C-5.3Ni steels follow t 2 / 3 
and or t 1 time laws in the lower bainite temperature region. 
The data analysis indicates that these kinetics signal carbon 
segregation to dislocations. The simple time laws are inter-
rupted at the bainite start time. It is shown that at this 
time the carbon depleted regions around dislocations trans-
form martensitically. The lower bainite reaction is thus 
initiated by the formation of supersaturated ferrite through 
carbon segregation and the subsequent local martensitic trans-
formation. 
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Structures resulting from the isothermal transformation 
of austenite at subcritical temperatures, called bainite, have 
been studied intensively since the work of Davenport and 
Bain1 . The transformation products consist of a ferrite (low 
in carbon) and a carbide (high in carbon) , but the structures 
are quite different from those of pearlite. At least two 
variants of bainite (termed upper and lower bainite) have been 
recognized. Morphological similarities between upper bainite 
and tempered low carbon martensite and between lower bainite 
and tempered high carbon martensite have been noted by many 
. . 2-5 1.nvest1.gators This observation has led to the concept 
that bainite is a displacive transformation controlled by 
carbon diffusion to the surrounding matrix. This concept, 
however, is not universally accepted because surface relief 
also has been observed in the transformation of austenite 
" 6 to Widmanstatten ferrite . In plain carbon steels there is 
" no discontinuity in growth rate between Widmanstatten pro-
eutectoid ferrite and upper bainite7 . The latter observation 
" led to the concept that Widmanstatten proeutectoid ferrite 
d b . 't t' S-lO d th th f an upper a1.n1. e are con 1.nuous an e grow o 
bainite plates will be achieved by a ledge mechanism7 ' 10 . 
According to this point of view, then, a shear mechanism is 
not significantly involved in the growth of either upper or 
1 b . . 7 ower a1.n1.te • 
2 
In the case of lower bainite, however, many studies have 
1 d th t h . . 11-15 revea e a a s ear process 1s operat1ve . The follow-
ing transformation sequence has been proposed for lower 
bainite formation 5 : In a particular region of the austenite 
a small plate of supersaturated ferrite is formed by a shear 
mechanism. The carbon atoms will then precipitate as carbide 
within the ferrite plate, depleting the carbon in the surround-
ing austenite. This means that the M temperature of the 
s 
surrounding austenite is raised and further shear trans-
formation can occur to form additional supersaturated 
ferrite. Thus growth occurs by repeated nucleation7 ' 16 . 
Since in the bainite reaction the movement of carbon 
atoms is essential, a study of the prebainitic time region 
should give useful information about the formation of the 
initial bainite plates. The small amount of the initial 
carbon segregation cannot be detected metallographically17 . 
Hence, it is necessary to measure some property which is 
sensitive to the redistribution of the carbon atoms in the 
sample. In this study, therefore, the elastic constant 
which is sensitive to the amount of precipitate present in 
the solution was used as a tool to detect such carbon 
migration. 
The purpose of this work is to investigate the pre-
bainitic kinetics obtained from the ultrasonic measurements 
and to explain the formation of the initial supersaturated 
ferrite or nucleus for lower bainite formation. As will 
3 
be seen, the observed kinetics lend support to the idea that 
the initial bainite nucleus is formed by a shear mechanism. 
MATERIALS AND PROCEDURE 
1) Materials 
In order to study prebainitic kinetics, steels with 
relatively large prebainitic regions as well as with proper 
"knee or nose" time are required to avoid any transformation 
during quenching. An AISI 86B80 steel (C-0.78 wt. pet, 
Mn-0.86 wt. pet, Ni-0.59 wt. pet, Cr-0.49 wt. pet, Mo-
0.21 wt. pet and B-0.0025 wt. pet) was thus chosen because 
its "knee" time is about 20 seconds and the bainite start 
time (tB) ranges from 4 minutes (at 280°C) to 15 minutes 
(at 230°C) as can be seen from the TTT diagram18 shown in 
Fig. 1. The particular steel used in this study was a 
section of the original billet prepared by the United States 
Steel Corp., to establish the TTT diagram shown in this 
figure. Another steel with similar carbon content (0.8 wt. 
pet C) but containing more nickel (5.3 wt. pet Ni) was 
prepared to study the effect of a particular substitutional 
element. It was made from electrolytic iron chips (99.9 
pet) and Inco Nickel rods (99.9 pet) by induction melting 
in a purified helium atmosphere. Fig. 2 shows the TTT 
diagram19 for the steel of nearly the same composition 
(0.79 wt. pet C and 5.25 wt. pet Ni). It was felt that this 
TTT diagram is applicable to the self-prepared steel. Samples 
of 0.05 in. dia. were prepared from the ingots of both steels 
by repeated swaging and intermediate vacuum-annealing. 
4 
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2) Experimental Procedure 
An ultrasonic pulse echo technique 20 was employed to 
measure the isothermal change of the extensional sound 
propagation time in the specimen as a function of isothermal 
holding time. The wire-like specimen was carefully copper-
welded to the magnetostrictive driving rod. Ultrasonic 
extensional waves were transmitted to the ensemble of the 
driving rod and the specimen by way of a magnetostrictive 
transducer (Panametrics Model 5010-E5-RMV) . The pulse echo 
pattern obtained from this ensemble shows distinct time 
intervals between the echo pulses due to the reflections 
at the joint and at the end of the specimen, as can be seen 
from Fig. 3. This time interval was measured accurately 
(down to lOns in this experiment) by using pulse analyzers 
and an electronic counter. This arrangement enabled us to 
measure the momentary sound propagation time in the specimen. 
Fig. 4 shows a schematic diagram of the apparatus used 
in this experiment. All specimens (6 in. long) were annealed 
at 860°C for 4 1/2 hours in an argon atmosphere to austenitize 
them fully. Steel wool was placed in the furnace near the 
specimen to prevent any possible decarburization during 
austenitizing. Following this treatment the specimens were 
quenched directly into a salt bath (50 pet NaNo 2 and 50 pet 
KN03 ) placed just below the annealing furnace. The tempera-
ture of the salt bath varied less than ±0.5°C during the 
measurements. The quench from the annealing furnace to the 
6 
salt bath was executed manually within 2 or 3 seconds. The 
subsequent cooling in the salt bath was found to be compara-
tively instantaneous resulting in an overall quenching path 
indicated in the TTT diagrams. A new specimen was prepared 
out of the same swaged rod for each run to further reduce 
the effect of decarburization. All specimens were treated 
identically. 
RESULTS 
1) AISI 86B80 Steel 
The observed variations of the extensional sound 
propagation time at 275°C, 264°C, 252°C, and 241°C are 
shown in Fig. 5 as a function of the isothermal holding 
time. As can be seen from this figure, the sound propagation 
time decreases upon isothermal holding. The rate of decrease 
becomes larger as the holding temperature increases. Fig. 6 
shows double logarithmic plots of the relative change of the 
sound propagation time (68/S) versus the isothermal holding 
time. Initially, each plot is a straight line with a slope 
of 0.69 ± 0.02 (visually determined), indicating a time 
dependence close to t 2 / 3 • A deviation from the t 2 / 3 
dependence occurs at the time marked by an arrow. From the 
TTT diagram shown in Fig. 1 this time is identified as the 
bainite start time, tB. If the data are normalized with 
respect to Dt/T (D is the diffusivity of carbon in austenite 
and Tis the absolute temperature), all curves coincide in 
the prebainitic regions as shown in Fig. 7. Fig. 8 shows 
an Arrhenius type plot log10 (t*/T) versus the inverse of 
the absolute temperature, where t* is the characteristic 
time when (~S/S) = 6xlo-3 (see Fig. 6). The slope of this 
plot yields an activation energy of 32,700 cal/mole in good 
agreement with the published value of 32,000 cal/mole21 for 
diffusion of carbon in austenite. As will be discussed more 
7 
fully later, the observed prebainitic kinetics indicate that 
carbon diffuses to dislocations. 
2) 0.8C-5.3Ni Steel 
The measured sound propagation times for this steel 
at 260°C, 257°C, 250°C, and 245°C are shown in Fig. 9. The 
rate of decrease is again temperature dependent as observed 
in the 86B80 steel. However, in the prebainitic time region 
an obvious linear time dependence, which is absent in 86B80 
steel, is observed. The extrapolated line of this linear 
portion (time region between the two arrows in Fig. 9) does 
not pass through the origin. This fact indicates that two 
processes, one non-linear in time and another linear one, 
are taking place in succession rather than simultaneously. 
The double logarithmic plots of the data for the non-linear 
portion yield a near t 2 / 3 time dependence in the early 
stages (see Fig. 10). At the intermediate times no simple 
kinetics can be discerned. It is observed, however, that 
the onset of the long time deviation from the linearity 
coincides with the bainite start time obtained from the TTT 
diagram shown in Fig. 2. An Arrhenius type plot for the t 2 / 3 
portion similar to Fig. 8 but for (~S/S) = 2xl0- 3 gives an 
activation energy of 31,700 cal/rnole. For the linear part, 
log10t*, where t* is proportional to the inverse of the 
slope of the straight section in Fig. 9, is plotted against 
1/T yielding an activation energy of 32,300 cal/mole. Both 
8 
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plots are shown in Fig. 11 and, again, the values of the 
activation energy are in reasonable agreement with the 
published value of 31,000 cal/mole for carbon diffusion in 
t . t. 1 t . . 4 . 2 2 an aus en1 1c stee con a1n1ng pet N1 . 
The initial t 2 / 3 time dependence is similar to that 
f th . f . . d . 1 . 2 3 , 2 4 or e segregat1on o 1mpur1ty atoms to 1s ocat1ons 
and the later linear time dependence has a resemblance to 
the kinetics for the growth of a rod-like precipitate in 
the absence of the dislocation stress field 25 ' 26 . A detailed 
discussion will be given below. 
DISCUSSION 
As briefly mentioned above, the ultrasonic data have 
led to the following observations, which are to be related 
to the initiation of the lower bainite. 
1. The prebainitic kinetics are controlled by 
carbon diffusion. 
2. The prebainitic kinetics of 6S/S follow simple 
t 2 / 3 and/or t 1 time laws. 
3. Deviations from the above time dependence occur 
at the bainite start time, tB. 
Carbon atoms present in a supersaturated solid solution 
will segregate to dislocations to restore local equilibrium 
d 't' 27,28 con 1 1ons . The migration of the carbon atoms will be 
controlled by a diffusion process assisted by drift flow 
resulting from the carbon-dislocation interaction. The 
differential equation governing this process is 
(1) 
where ¢ is the interaction potential and C is the carbon 
concentration. If V2 C<<V(CV¢)/kT, Eq. (1) leads to the 
I 23 
well known stress assisted diffusion- t 2 3 law . If, how-
ever, V2 C>>V(CV¢)/kT, the t 1 law characteristic of the 
growth of a rod-like precipitate is obtained26 • These 
kinetic features will be considered first in connection 
10 
11 
with the present experiment. Afterwards their applications 
and the resulting consequences will be discussed. 
1) Carbon Segregation to Dislocations 
For short times the term V2 C in Eq. (1) may be neglected 
because VC will be very small in comparison with V¢. It has 
been shown that under this assumption the number of carbon 
atoms per unit volume, N(t), which have diffused to the 
dislocation sites after a time t is given by23 
N (t) 
where N is the initial number of carbon atoms per unit 
0 
volume, a a constant equal to about 3, D the diffusion 
(2) 
coefficient at the absolute temperature T, k Boltzmann's 
constant, A an attraction parameter and where A denotes 
the dislocation density. Given sufficient time, the carbon 
atoms will segregate around the dislocations and local 
equilibrium will be established when a Maxwellian atmosphere 
is formed, "saturating" the dislocations. The time t 
s 
necessary for saturation is given by the condition 
N(t)~A/b28 where b is the Burgers vector and A/b is the 
number of interstitial sites along the dislocation line. 
It follows from Eq. (2) that 
(3) 
The lattice parameters of a-Fe-e and y-Fe-(Ni)-C 
solid solutions increase about equally as a function of 
carbon content29 ' 30 . Hence, it must be expected that the 
binding energies of carbon to edge dislocation in both 
27 phases are about equally large . Taking this fact as 
well as the high carbon content of the present austenitic 
samples into consideration, Eq. (3) shows that t in the 
s 
temperature range of interest is of the order of a few 
seconds. Thus, during the quenching period essentially 
all prospective interstitial sites near the dislocations 
are occupied by carbon atoms and the dislocations are 
effectively pinned. 
31 32 It has been pointed out ' , however, that the gra-
dient V¢ can effectively control the segregation kinetics 
even after the dislocations are seemingly "saturated". 
This will happen if the elastic binding energy of the 
impurity in the dislocation is so large that a dense rod-
like precipitate is formed in the core. This situation is 
likely to occur in supercooled austenite as might be in-
ferred from the existence of metastable carbides33 . By 
12 
choosing an appropriate rate limiting parameter the kinetics 
of the growth of such a non-Maxwellian atmosphere-precipitate 
have been shown31 , 32 to resemble closely the experimentally 
well established equation24 
N(t)/N(~) = 1- exp[-a(ADt/kT) 2 / 3 A]. (4) 
13 
In this equation N(~) is practically the sams as 
(2). In case that a(ADt/kT) 2/ 3 A < 0.1, Eq. (4) 
N in Eq. 
0 
reduces to 
Eq. (2) with an error less than 5 pet. In summary, it can 
be stated that in austenite both kinetics of the formation 
of a Maxwellian atmosphere around a dislocation as well as 
the subsequent growth into a non-Maxwellian atmosphere 
follow a t 2/ 3 time dependence as long as N(t)/N(~) < 0.1. 
It should be noted that the aforementioned concept has 
been applied mainly to the interpretation of room tempera-
ture strain aging experiments 24 of dilute a-Fe-C(0.09-0.015 
wt. pet) solutions containing of the order of 1011 dis-
locations-cm-2. Hence, before applying the same concept 
to the present case the following points should be con-
sidered. 
First, for a given time the amount of carbon atoms 
precipitated is much greater in the present case. A 
relationship between the necessary times for the segregation 
process to reach the same value N(t) per unit length of dis-
location for both cases is given by 
t = {N'/N ) 3 / 2 (D'T/DT')t' 
0 0 
(5) 
where the primes denote the room temperature strain aging 
case. Taking N ~C = 0.8 pet, D = 1.32xl0- 15 cm 2/sec at 0 0 
241°C and N'~c· = 0.09 pet, D' = 3.79xl0- 18 cm2/sec at 
0 0 
25°C, Eq. (5) yields t' = 5350t. Thus, the precipitation 
process proceeds about 5,000 times faster here than in the 
strain aging case. 
Second, the number of carbon atoms available per unit 
length of dislocation, N /A, is of the order of 10 9 atoms 
0 
in the dilute solutions, whereas for the well-annealed 
present steels, if A is assumed to be 10 7 N /A is 
0 
of the order of 10 14 atoms/unit length of dislocation which 
14 
is about 10 5 times greater. In the case of dilute solutions 
Eq. (4) does describe the aging experiment well for all 
values of N(t)/N , indicating that the assumptions implicit 
0 
in this equation remain valid throughout the segregation 
process. If, however, the ratio N
0
/A is increased 10 5 
times, it might be expected that the growth of non-Max-
wellian pseudo-coherent precipitates cannot persist when 
the number of carbon atoms per unit length of dislocation 
reaches a certain value at which the dislocation stress 
field is compensated by that of the growing precipitate. 
At this time a departure from Eq. (4) is to be expected. 
Third, to first order this number per unit length of 
dislocation necessary to compensate the dislocation stress 
field should be a constant. Therefore, in the present 
steels this critical number will be reached more than 5,000 
times faster than in low temperature dilute solutions in 
which it might be never attained. 
Fourth, for the low dislocation density of the present 
steels and the condition N(t)/N < 0.1 (see above) Eq. (2) 
0 
yields a critical time t ~ 5xl0 8 sec up to which the X 
mathematical approximation leading to this equation remains 
valid. The same critical time for the strain aging case 
is about 1.5xl0 5 sec. 
2) Growth of Rod-like Precipitates by Simple Diffusion 
As the attractive stress field of the dislocations 
becomes less effective due to the precipitate growth, the 
concentration gradient established locally through the 
stress assisted segregation will become important. In 
this case, the kinetics will become similar to the growth 
kinetics of a rod-like pr~cipitate already formed along 
the dislocation line. The problem is thus reduced to the 
solution of the differential equation for diffusion to a 
15 
long cylindrical sink of dislocation core radius R surrounded 
by an impenetrable cylinder of radius r • The number of 
s 
carbon atoms removed from the solution in time t will then 
b . by25 '26 e g1.ven 
N(t)/N(oo) = 1 - exp(-A 2 Dt) 
0 
where A is the lowest root of 
0 
J' (A r ) Y (A R) - J (A R) Y' (A r ) = 0. 
o n s o n o n o n s 
(6) 
(7) 
J and Y are the zeroth order Bessel functions of the first 
0 0 
and second kind, respectively. For rs/R > 4 a value of 






!::! 2 r - 2 [ 1 ( r /R) - 3 I 5] - 1 s n s (8) 
with an error less than 6 pet. For the assumed dislocation 
density of 10 7 cm- 2 and a core radius R ~ lOA 29 Eq. (8) 
yields A~~ 10 7 cm- 2 • Since at all holding temperatures 
D is of the order of 10- 14 cm 2 /sec and tB < 10 5 sec it 
follows that A~DtB<< 1. Hence, for the purpose of this 
study Eq. (6) further simplifies to 
N(t)/N = A2 Dt. 
0 0 ( 9) 
It should be noted that the critical time t' at which this 
X 
approximation is expected to break down is larger than tB 
throughout this study. 
3) Carbon Precipitation and Elastic Constant 
Precipitates usually produce internal strains, as, for 
instance, the specific volume of the precipitate will differ 
from that Of the matr1·x37 . D t th 1 t' h · 't ue o e e as 1c an armon1c1 y 
these internal strains will alter the bulk elastic constants. 
To first order the change of the elastic constant will be 
proportional to the total volume of the precipitate formed, 
i.e., the total number of carbon atoms removed from the 
solution. The bulk elastic constant, E, may thus be expanded 
into a Taylor series in terms of the fraction of the carbon 
atoms precipitated at the dislocation sites, q, 
E (q > = E ( o) + (a E/ a q) • q + ; (a 2 E/ a q 2 ) • q 2 + . • • ( 1 o) 
where q = N(t)/N is a function of time. For a small 
0 
value of q, as in the present case, Eq. (10) can be 
approximated by 
E (q) = E (0) + ( aE/aq) •q (11) 
where the quantity, aE;aq, is the combined measure of both 
the solute solution softening due to the carbon removal 
and the strengthening due to the precipitate formation. 
As pointed out earlier, the average strain built up is 
17 
appreciable and, therefore, a significant elastic strength-
ening must be expected. The softening, however, will be 
very small in the present experiment because q is small in 
the prebainitic time interval. In terms of time Eq. (11) 
reads 
E(t) = E(O) [1 + SN(t)/N ] 
0 
where S = ( aE;aq) /E (0) is a proportionality constant. 
(12) 
Because the velocity of sound is given by V = ~IS = 
(E/p) 1 / 2 , where~ and pare the length and density of the 
specimen, it is seen that 
L1S/S = ~ (L1E/E) + ~ (~ ~~~ ) • (13) 
18 
Dilatometric studies 38 , 39 show that ~~~~ = 0 in the pre-
bainitic time interval. Hence, it follows from Eq. (12) 
and Eq. (13) that 
~S/S = ; SN(t)/N
0 (14) 
and, (2)) and/or N(t)/N ttt 1 
0 
(Eq. 
( 9) ) ' 
for carbon segregation to dislocations 
for rod formation. 
4) Prebainitic Observations 
In the lower bainite region nucleation occurs at 
. t. t . t . b d . 34 ' 35 b h . ex1s 1ng aus en1 e gra1n oun ar1es , ut t ere 1s a 
tendency for it to occur more frequently within the 
. . 3 4 ' 3 5 ' 3 6 . h . h b t 1 Th . . d . gra1ns 1n 1g er car on s ee s. 1s 1n 1cates 
that defects within the grains, i.e., dislocations, might 
be favorable sites for nucleation of bainite plates for 
the steels and at the holding temperatures investigated. 
The observed prebainitic kinetics of ~S/S signal carbon 
segregation to dislocations supporting this conjecture. 
The mode of segregation is different in the two 
steels. Whereas only a simple t 2 / 3 law holds in the 86B80 
steel, this law is followed by a t 1 time dependence in the 
other steel. It has already been observed that the process 
giving rise to the t 1 time dependence in the 0.8C-5.3Ni 
steel is the successor of the one characterized by the t 2 / 3 
law. On the basis of the preceding outline on impurity 
segregation at dislocations it can be concluded that the 
stress assisted segregation is followed by random diffusion 
to the segregated regions of near cylindrical symmetry. The 
deviations from the simple t 2 / 3 kinetics in the 0.8C-5.3Ni 
steel at times much smaller than tB reflect, therefore, 
merely the cessation of the importance of the stress 
assisted diffusion. 
The deviations from simple kinetics in both steels 
at t = tB occur at times smaller than either tx or t~. 
Hence, they do not reflect the mathematical limitation of 
either Eq. (2) or Eq. (9). Rather, these deviations at 
t = tB signal the onset of a new phenomenon common to both 
steels. The nature of the new phenomenon can be derived 
from an analysis of the amplitude ~S/S at t = tB. ~S/S is 
proportional to N(t) (see Eq. (14)), and also proportional 
to (C - c ) where C is the average carbon concentration 
o a a 
in the depleted areas surrounding the dislocations or 
precipitates. Therefore, (~S/S)t-t is a measure of the 
- B 
average carbon concentration C at which a deviation from 
a 
simple kinetics is observed. The significance of Ca at 
t=tB is obtained from the temperature dependence of 




plots extrapolate exactly (0.8C-5.3Ni) or closely (86B80) 
to the M temperatures of both steels. It, therefore, 
s 
follows that the deviation from the simple kinetics at 
t=tB reflects the onset of the martensitic type transforma-
tion of the carbon depleted region around dislocations or 
precipitates. 
The above conclusion suggests a mechanism for the 
initiation of the lower bainite reaction. The initial 
decrease of the momentary average Gibbs free energy, G, 
of austenite will occur through pseudo-coherent precipitation 
in the dislocation core. When, in the course of this stress 
assisted precipitation process, the carbon concentration 
around dislocations is reduced below a critical value at 
which the martensitic type transformation can occur at the 
holding temperature, these regions will transform to super-
saturated ferrite by a shear mechanism because the decrement 
in G will be large. As these regions transform, the simple 
t 2 / 3 kinetics cease to be valid. This is the case of the 
86B80 steel. If, on the other hand, the dislocation stress 
field becomes ineffective before the critical carbon con-
centration is reached, a further decrease of G can only 
occur by continued growth of the existing rod-like precipitate 
by simple diffusion. Only when, in the course of this growth 
process, the critical carbon concentration is reached, will 
the martensitic type transformation in the carbon depleted 
region set in. As this happens, the simple t 1 kinetics are 
21 
interrupted. This is the case of the 0.8C-5.3Ni steel. 
The difference of the prebainitic kinetics of both 
steels is readily interpreted by considering the difference 
of the respective holding and M temperatures. This 
s 
temperature difference is smaller for the 86B80 than for 
the 0.8C-5.3Ni steel, since nickel has the effect of 
lowering the M temperature (see also Fig. 1 and Fig. 2). 
s 
Therefore, a larger amount of carbon must be removed from 
solid solution in the latter before a spontaneous shear 
transformation can occur in the depleted regions. This 
also explains the longer bainite start time for the 0.8C-
5.3Ni steel. 
The point of view presented in the previous paragraphs 
permits an estimate of the width of the first formed ferrite 
plates, w. This width must be of the order of the extent 
of the carbon depleted region at the bainite start time, 
i.e., 
(15) 
The same width should also result from an estimate of the 
amount of carbon removed from the depleted region at t = tB. 
Since Ithe amount of carbon removed from the depleted region] 
is equal to [the initial amount of carbon in this region] 
minus [the remaining amount of carbon], it follows that 
(16) 
22 





Th and Ms are the holding and martensite start temperatures 
of the base steel of carbon concentration c , respectively. 
0 
dM /dC represents the change of the M with respect to the 
s s 
carbon concentration. Using dM /dC = 255°C/wt. pet of 
s 
40 
carbon , Eqs. (16) and (17) yield w ~ 0.03 ~m which agrees 
with the value obtained from Eq. (15), also w ~ 0.03 ~m. 
Both values are of the same order of magnitude as the 
visually estimated width of the initial low bainite plate 
17 in the similar 1.14 pet C-2.71 pet Cr steel, 0.05 ~m 
further supporting the concepts developed in this study. 
23 
CONCLUSION 
In conclusion, it can be stated that, at least in 
the two steels investigated, the lower bainite reaction 
is initiated by the migration of carbon atoms to dis-
locations and the subsequent martensitic transformation 
of the resultant low carbon regions. Phrasing it some-
what differently, the first bainite nucleus consists of 
a martensitically transformed carbon depleted region as 
5 
suggested a number of years ago . 
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Fig. 5. Normalized sound propagation time lOO•S(t)/S(O) for AISI 86B80 00 
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Fig. 6. Double logarithmic plot of the relative change of sound propagation 
of AISI 86B80 steel as a function of isothermal holding time. tB taken 
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Fig. 7. Same graph as Fig. 6, but time coordinate normalized with respect to Dt/T. 
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Fig. 9. Normalized sound propagation time lOO•s(t)/S(O) for 0.8C-5.3Ni steel 
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Fig. 10. Early time dependence of the relative change of sound propagation 
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